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Abstract 
More complicated parts having gear teeth, cylindrical grooves, or long branches are manufactured in cold forging. Nowadays, 
more precise dimensions are required for these parts. Reduction in forming load is a key factor to obtain more precise parts in 
cold forging, because high load causes the elastically large deformation of tools and machines.  Furthermore, this reduction in 
forming load contributes to longer tool life.  In this paper, the loads of split-forging including split-backward extrusion and 
split-heading to produce the branched parts are estimated under different conditions such as punch sizes, punch geometries, and 
lubricants. 
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1. Introduction 
Recently, precision forging have been widely applied to complicated parts such as gears and asymmetrical- 
shaped parts. The process design requires the precision forging to consider changing geometries of tools and press-
machine due to elastic deformation and expansion by generation of heat during forging. Kuzmann (2001) discussed 
the importance of measurement and control on the deformation of tools and press-machines. Ishikawa (2000) 
discussed the elastic deformation of forward extrusion dies by experiment and numerical simulation. Kondo (1999) 
interpreted the principles of reduction in load for cold forging. This paper discusses reducing load in the cold 
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forging of two branched parts which is an asymmetric part used for a joint. This is generally produced by cold 
extrusion. In this paper, split-backward extrusion and split-heading are experimentally investigated under different 
conditions of punch geometry, reduction, and lubrication. Thus, the minimum load in the split-forging is 
recommended to attain the lower load. 
2. Split forging and forming conditions 
Split-backward extrusion and split-heading are schematically illustrated in Fig. 1. They are method to produce 
the part with the two branches. These forming methods use plate punches to divide the end of each billet. Fig. 1(a) 
shows split-backward extrusion and Fig. 1(b) shows split-heading. The punch pushes the billet at a speed of 0.43 
mm/s using a gear press that is supported with four rigid columns. 
2 .1. Billet and lubricants 
The billet material is 99.7% aluminum as annealed. It has a yield point of 45 MPa and the yield stress can be 
approximated by < İ0.26 (MPa). Two types of billets are used in the split-extrusion. One is a normal cylinder 
having 20 mm in diameter and 20 mm in height. Another is a cylinder that is partially cut at the sides. The cutting 
shapes are straight and round as shown in Fig. 2. To the cylinder radius, these ratios c = b / r are 0.075, 0.2 and 0.3. 
In the round type, as two cutting depth b = 1.5 and 4 mm, the ratios c = b / r are 0.15 and 0.4, respectively. 
In the split-heading, the heights H of the billets are 45, 50, 55 and 60 mm. The lower 30-mm height of each 
billet is put in the hole of the container. 
Three lubricants of beef fat and graphite (BG), VG100, and VG2 are used in this experiment, where BG means a 
compound of 75% beef fat and 25% graphite, VG100 and VG2 means a mineral oil with viscosity of 100 and 10 
mm2/s, respectively. A couple of billets are degreased with alkaline solution for testing under a dry condition 
without lubricant. The coulomb's frictional coefficients ȝ of 0.06, 0.09, 0.13 and 0.19 were measured by ring 
compression tests under the lubricated conditions with BG, VG100, VG2 and Dry, respectively. 
2.2. Shapes and size of punch nose  
The material of the plate punch is die steel for cold forging (quenched and tempered, 61 HRC). It is finished by 
lapping and the surface roughness is 0.2 ȝm Rz. Three shapes of the punch noses are used, which are flat, circular, 
and triangular. The thicknesses of the punch are 5, 8 and 12 mm. The punches with flat noses have both round 
corners with radii Rs of 0.5, 1.0, 1.7 and 2.8 mm as shown in Fig. 3. The punches with half circular noses have 
radii of 2.5, 4, and 6 mm for the thicknesses of 5, 8 and 12 mm, respectively as shown in Fig.4. When the thickness 
of the punch is 8 mm, the circular noses have radii of 6, 8 and 12 mm as shown in Fig. 4. The punches with 
triangular noses are shown in Fig. 5, which have a thickness of 8 mm. These nose angles are Û Û and Û
The punch width is 20 mm in the split-backward extrusion. In the split-backward extrusion ratio Er is defined by Er 
Before work After work Before work After work 
(b)  (a)  
Fig. 1. Diagram for split-forging.  (a) Split-backward extrusion, 
 (b) Split-heading. 
Fig. 2. Two flat or round sides of billets. 
Fig. 3. Flat nose. Fig. 4. Circular nose. Fig. 5. Triangular nose. 
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= Ap / ( A0ʊAp ) , where A0 and Ap are the cross-sectional area of the billet and the punch, respectively. They are 
1.5, 2.0, and 3.5. 
3. Split-backward extrusion 
3.1. Influence of punch nose shape on load 
Fig. 6 shows stroke-load diagrams in split-backward extrusion.  The circular punches indicate the lower loads 
than the flat punches at a beginning stroke. It means that the circular punch is more suitable for splitting the billet 
end than the flat punch.  However, these circular punches indicate the larger loads than the flat punches as the 
stroke increases. The loads of the punch thickness of 5 and 8 mm show almost steady state at a stroke over 5 mm. 
The loads of the punch thickness of 12 mm increase and does not reach stead sate. Especially, the load of circular 
punch increases during punch pushing the billet. After these tests, it was observed that the heavy pick-up occurred 
on the circular punches.  
 
Probably, the cylindrical and thick punch tends to cause the lager material flow than the flat punches, while the 
applied lubricants easily wiped out. Therefore, the larger material flow resulted in poor lubricant and large friction 
between the punch and the billet. 
Fig. 7 shows the relationship between the extrusion ratio and the punch pressure at a stroke of 5 mm. These 
loads of the cylindrical punch are clearly larger than those of the flat punches. These punches show the smallest 
load at the extrusion ratio of 2.0. This optimum extrusion ratio is the same value as the normal backward can 
extrusion. Generally, the flat punch is advantageous to keeping a good lubrication condition to attain a deep 
extruded cup. 
 
Fig. 6. Stroke-load diagrams of  
cylinder billets.  
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Fig. 10. Distributed internal stress on billets of circular punch.   
(a) Cylinder billet (c = 0, s = 5 mm), (b) Two flat sides billet  
(c = 0.2, s = 5 mm), (c) Two flat sides billet (c = 0.2, s = 6.5 mm). 
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3.2. Effect of lubricants 
Fig. 8 shows stroke-load diagrams under four lubricated conditions. A large amount of pick-up was observed on 
the inside and outside of the billet when the split-backward extrusion is tried under the dry condition. On the 
contrary, many oil pits were found on the outside of the billet and miller surface were obtained on the inside when 
VG100 and BG were used in this test. No pick-up and many scratches were observed on the inside and outside of 
the billet when VG2 was used. A larger amount of the lubricant can be kept between the billet and the container 
and punch when the higher viscosity lubricant was used in the split-backward extrusion. Thus, the well-lubricated 
condition must have led to the lower load in the split-backward extrusion. 
4. Split-backward extrusion using partially cutting billet 
4.1. Influence of cutting depth of billet on reducing load 
Fig. 9 shows the stroke-load diagrams in split-backward extrusion using partially cutting billet. This is a typical 
diagram when the circular punch with the thickness of 8 mm is used under a well-lubricated condition using the 
lubricants of beef fat and graphite (BG). The load for c = 0.075 is as high as the load for c = 0. The billet with c = 
0.075 is too small to reduce the load. When c is 0.15 and over, the load decreases at a shorter stroke. These loads 
rise up to a maximum value of 80 kN after the stroke increases. This maximum value is as high as the load of split-
backward extrusion when the normal billet is used. Each stroke where the load reaches 80 kN is larger when the 
cutting depth is larger. A contact area between the billet and the container is small when the cutting depth is large. 
So, the frictional force at the contact area decreases when this contact area is small. It results in reducing load. 
Fig. 10 shows the distribution of the hydrostatic stress analyzed by FEM when the circular punch with t = 8 mm 
and the shearing frictional coefficient of 0.1. Fig. 10(a) shows the result of split-backward extrusion using the 
normal billet with c = 0 at the stroke of 5 mm. The hydrostatic stress below the punch is large. Fig. 10(b) and (c) 
show the results of split-backward extrusion using the partially cutting billet with c = 0.2 at the stroke of 5 and 6.5 
mm. These values of hydrostatic stress as shown in Fig. 10(b) and (c) are definitely smaller than c = 0. Using these 
partially cutting billets also causes the hydrostatic stress to decrease. It was found that the clearance between the 
billet and the container also reduces hydrostatic stress during extrusion. 
4.2. Influence of punch nose shape  
Fig. 11 shows the punch pressures when the flat nose punches with the different shoulder radii Rs are used. The 
punch with large shoulder radius indicates small pressure when the stroke is 2 or 5 mm. These punch pressures 
increase at the stroke of 10 mm. Fig. 12 shows the punch pressure for the different radii D/2 of circular punch nose. 
The punch with large shoulder radius indicates small pressure when the stroke is 2 or 5 mm. These punch pressures 
increase at the stroke of 10 mm. The small nose radius, or close to flatness, is effective in reducing punch pressure 
to obtain the long branches of the parts. Fig. 13 shows the punch pressure for the different nose angle ș of the 
triangular punch. The punch with the small nose angle of ș indicates small pressure when the stroke is small value 
of 2 and 5 mm. These punch pressure increase when the stroke is 10 mm. 
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Fig. 11. Punch pressure vs punch  
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The small radius on the shoulders of the punch nose, the small nose radius, and the large nose angle close to 
flatness are effective in reducing punch pressure to obtain the long branches of the parts. 
5. Split-heading 
5.1. Influence of free height on deformation 
In split-backward extrusion, decrease in contact area between the billet and the container is effective in reducing 
load. In an extreme case that the billet is not constrained, this process becomes split-heading. The deformation of 
the billet, punch pressure, and distribution of stress are investigated in this split-heading.  
Several grids are scribed on the billet for split-heading as shown in Fig. 14. The thickness of the punch is 
parallel to the x-direction and the width of the punch is parallel to the y-direction. The locations of the girds are 
measured before and after the tests to find the material flow. Fig. 15 shows the distribution of the lengths in the x- 
and y-directions after split-heading is conducted with the circular punch at a stroke of 10 mm. The lengths in the y-
direction are shown in Fig. 15(a). The material flows in the x-direction are also shown in Fig. 15(b). The circular 
punch easily splits the billet end in the y-direction when the initial free height h is 30 or 25 mm, but the whole 
billets are upset when h = 20 and 15 mm. The circular punch is advantageous to splitting the billet end in the 
direction of the punch thickness, but the whole billet is upset as the stroke proceeds and as the distance between the 
punch or the container become shorter. 
5.2. Influence of punch thickness and shape on load 
Fig. 16 shows the stroke-nominal pressure diagrams in split-heading. The punches with the flat and the circular 
are used under a well-lubricated condition using the lubricant of BG. The free-height of the billet is 30 mm. The 
loads are divided by the initial cross-sectional area of the billet to determine the nominal pressure Q. The ratio of Q 
Fig. 14. Measurement points of billet on heading. 
Fig. 16. Stroke-nominal stress diagrams on billets. Fig. 17. Mean punch pressure  (s = 5 mm). 
Fig. 15. Billets change dimensions of each jutting. (a) y dimension of  
billets, (b) x dimension of billets.  
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to Y0 gives a rough estimate when upset of the billet begins, where Y0 is the yield point of the billet material. The 
ratio of Q / Y0 is larger than 1.0 at the beginning stroke when the punch thickness is 12 mm. It means that the 
whole billet can be upset by the punch with t = 12 mm. When the punch with t = 5 mm is used, the whole billet is 
not easily upset because the ratio is not much larger than 1.0. Since the redundant work and frictional work 
increases as the stroke increases, the billet actually cannot be compressed at the stress of Y0. Fig. 17 shows the 
mean punch pressure at a stroke of 5 mm. The punch pressure is high when the thin punch is used. This state is 
close to punch indentation. The punch pressure is low when the punch thickness is large. In this case, the thicker 
punch naturally leads to upsetting of whole billet.  
5.3. Distribution of stress in billet 
The distribution of hydrostatic stress ım DQGıx on a central section are shown in Fig. 18. In this case, the free-
height of the billet is 15 mm, the circular punch has a thickness of 8 mm, and the stroke is 2 mm. These stresses are 
calculated by FEM (DEFORM-3D). These ım and ıx indicate compression. This state is advantageous to the 
fracture. 
Fig. 19 shows the distributions of ım and ıx on a central section. In this case, the free height of the billet is 30 
mm, and the stroke is 10 mm. Fig. 19(a) shows ım exist in a compression side. This rough estimation allows no 
fracture. Howeverıx indicates tensile stress under the punch top as shown in Fig. 19(b). This detail estimation 
implies fracture of the billet in this split-heading.  
Probably this split-heading will be applicable as a rough process for making the branch parts. This undesirable 
tensile stress generates when the free-height is large. The future work is clearly finding the method and the 
conditions to avoid the tensile stress in split-heading. 
6. Conclusions 
Split-backward extrusion and split-heading for production of the part with two branches were investigated by 
experiment and FEM to reduce load. The following results were obtained: 
(1) In split-backward extrusion the minimum load was shown when the extrusion ratio is 2 under a well-
lubricated condition. The flat nose with small corner radius is advantageous to produce a part with two long 
branches. 
(2) Usage of the partially cutting billet is effective in reducing the extrusion load in split-backward extrusion. 
(3) Split-heading is useful in producing a preform of a part with two branches by low forming load. 
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Fig. 18. Distributed internal stress in billets (h = 15 mm, s = 2 mm).  
(a) Hydrostatic stress, ım, (b) Stress of x direction, ıx. 
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